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(54) Monolithic ceramic electronic component 

(57) Both of the longitudinal dimension L and the 
widthwise dimension W of a capacitor body (12) are at 
least four times the thickness-wise dimension T, respec- 
tively. Preferably, the widthwise dimension W of the 
capacitor body (12) is greater than the longitudinal 
dimension L 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of The Invention 5 

[0001 ] The present invention relates to a monolithic 
ceramic electronic component, and more particularly to 
a large monolithic ceramic electronic component for use 
in a middle and high voltage range. 
[0002] Further, the present invention relates to a 
monolithic ceramic electronic component, and more 
particularly to a monolithic ceramic electronic compo- 
nent which includes plural internal electrodes disposed 
so as to be opposed to each other through ceramic lay- 
ers in a ceramic element 

2. Description of the Related Art 

[0003] Conventionally, as a smoothing condenser 
for electric cars, electrolyte condensers and film capac- 
itors have been used. The electrolyte condensers have 
high ESR, and heat is evolved when a targe current 
flows. To prevent the evolution of heat, it is necessary to 
provide a high capacitance capacitor with a capacitance 
of fifty to sixty thousand \iF. In general, the smoothing 
condenser comprises about 4 condensers each having 
an outside diameter of 8 * 15 cm and a capacitance of 
about 3000 jiF. Thus, the smoothing condenser has the 
problem that it is very large in size. Further, the electro- 
lyte condenser has the problem that periodic mainte- 
nance is required, since the dry up of an electrolyte 
occurs. On the other hand, the film capacitor has a 
smaller ESR than the electrolyte condenser, and the 
capacitance is in the rage of 400 to 1000 nF However, 
since films are used as dielectric, the dielectric constant 
is low. Accordingly, the film capacitor comprises about 
two capacitors each having a size of 8 * 15 cm, which 
causes the problem that it is large in size. Further, since 
the film capacitor has a low resistance to heat it is nec- 
essary further to increase the size of the film capacitor, 
when a large capacitance is rendered to the film capac- 
itor. 

[0004] FIGS. 3 (1) and (2) are plan and front views 
each showing a monolithic ceramic capacitor 1 which is 
one example of a conventional monolithic ceramic elec- 
tronic components interesting to the present invention. 
[0005] As shown in FIGS. 3(1) and 3(2), the mono- 
lithic ceramic capacitor 1 comprises a capacitor body 2 
having a rectangular shape specified by a longitudinal 
dimension L, a widthwise dimension W, and a thick- 
ness-wise dimension T, and first and second external 
electrodes 3 and 4 formed on the opposite end-faces in 
the longitudinal direction of the capacitor body 2. 
[0006] The capacitor body 2 comprises plural die- 
lectric layers 5 which are laminated In the state that they 
are extended in parallel to the plane specified by the 
longitudinal dimension L and the widthwise dimension 



W, and plural sets of internal electrodes 6 which are 
opposed to each other through specific one of the die- 
lectric layers 5, respectively. 
[0007] As to the plural sets of internal electrodes 6. 
the internal electrodes electrically connected to the first 
external electrodes 3 and the internal electrodes electri- 
cally connected to the second external electrode 4 are 
alternately disposed. The internal electrode 6 shown by 
exploding a part of the capacitor body 2 in FIG. 3(1) is 
electrically connected to the first external electrode 3 
which is seen in its profile shown by the broken line. The 
internal electrode 6 electrically connected to the second 
external electrode 4 is symmetrical with the illustrated 
internal electrode 6. 

[0008] Conventionally, in general, such a monolithic 
ceramic capacitor 1 is designed so that the capacitor 
body has a dimensional relation between the longitudi- 
nal dimension L, the widthwise dimension W, and the 
thickness-wise dimension T of L > W and W £ 2T. 
[0009] The recent market demands that such mon- 
olithic ceramic capacitors 1 as described above should 
have a high capacitance and be suitable for high voltage 
uses. 

[001 0] As means for meeting the above demand, it 
is suggested that for the monolithic ceramic capacitor 1 , 
the lamination number of the internal electrodes 6 and 
the thickness of the dielectric layers 5 should be 
increased. 

[0011] However, if such a means is employed, the 
dielectric layers 5 each need to have a thickness of 20 
pm or more, so that the monolithic ceramic capacitor 1 
may be made suitable for use in a middle and high volt- 
age range of a rated voltage of 250V or higher. There- 
fore, to attain a large capacitance of 1 pF or more, the 
lamination number of the internal electrodes 6 becomes 
very large, and thereby, the thickness-wise dimension T 
of the capacitor body 2 has to be remarkably increased. 
[001 2] Therefore, when fired to produce the capac- 
itor body 2, ceramics constituting the dielectric layers 5 
are insufficiently sintered or are unstable. That is, pores 
are ready to be formed in the dielectric layers 5, the 
internal electrodes 6 are insufficiently sintered, and the 
sintering state of the internal electrodes 6 tends to have 
dispersions. As a result, the initial characteristics of the 
obtained monolithic ceramic capacitor 1 are deterio- 
rated. That is, possibly, delamination occurs, the break- 
down voltage (BDV) is reduced, and cracks are readily 
caused, due to the electrostriction. Also, in some cases, 
the reliability such as the high temperature service-life 
or the like may be reduced. 

[0013] As means for rendering a high capacitance 
to the monolithic ceramic capacitor 1 , it is proposed that 
the effective area of the internal electrodes 6 is 
increased by increasing the longitudinal dimension L 
and the widthwise dimension W of the capacitor body 2. 
[0014] However, even though the effective area of 
the internal electrodes 6 is increased by relatively 
increasing the longitudinal dimension L and the width- 
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wise direction W of the capacitor body 2 as described 
above, this means only taken is the same that practi- 
cally no measures for improving the BDV of the mono- 
lithic ceramic capacitor 1 are taken. Accordingly, the 
monolithic ceramic capacitor 1 when it is applied in a 
middle and high voltage range encounters problems of 
BDV or the like. 

[0015] Chip monolithic ceramic capacitors, which 
are typical monolithic ceramic electronic components, 
are produced as follows. Plural internal electrodes 52 
are disposed so as to be opposed to each other through 
ceramics (ceramic layers) 51 , and the one-ends of the 
internal electrodes 52 are led-out alternately to the dif- 
ferent end-faces of the ceramic element 54. On the 
opposite end faces of the ceramic element 54, a pair of 
external electrodes 53, 53 are disposed so as to be con- 
nected to the internal electrodes 52, as shown in FIG. 9, 
FIGS. 10A, 10B, and 10C, for example. 
[0016] in the case that the monolithic ceramic 
capacitor having a structure as shown in FIGS. 9 and 
10, which is a product for use in a middle and high volt- 
age range, it is not necessarily easy to secure high with- 
standing voltage properties. It is needed to develop 
monolithic ceramic capacitors with a high reliability, hav- 
ing a high breakdown voltage and excellent withstand- 
ing voltage properties. 

[0017] The above-description, not limited to mono- 
lithic ceramic capacitors, are also true of monolithic 
ceramic electronic components such as varistors, 
inductors, and so forth. 

[0018] For the purpose of enhancing the break- 
down voltages of such monolithic ceramic electronic 
components as described above, the following methods 
are ordinarily suggested. 

(1) a method of increasing the thickness of the ele- 
ment (the distance between the opposed elec- 
trodes through the ceramic layers(thickness-wise 
distance)), and 

(2) a method of rendering the internal electrodes 
such an electrode structure that plural series con- 
nection capacitances are formed. 

[0019] However, the breakdown voltage has the 
tendency that it is dominated by the degree of electric 
fields concentrated onto the edge portions (52a in FIG. 
10A) of the internal electrodes 52. In the case of the 
above-described methods (1) and (2) applied, it is prac- 
tically difficult to enhance the breakdown voltage suffi- 
ciently, since the electric fields are concentrated onto 
the edge portions (peripheries and corners) of the inter- 
nal electrodes 52. 

[0020] Accordingly, to relax the electric field con- 
centration onto the edge portions 52a of the internal 
electrodes 52, it is further necessary to devise the 
shape and size of the internal electrodes 52 and the 
lamination-form thereof. Thus, the internal structure of 
the ceramic element becomes complicated, which 



causes the problem that the manufacturing expenditure 
is increased. 

SUMMARY OF THE INVENTION 

5 

[0021] Accordingly, it is an object of the present 
invention to provide a monolithic ceramic electronic 
component which can solve the above-described prob- 
lems, especially those of BDV. 

10 [0022] Also, it is a further object of the present 
invention to provide a monolithic ceramic electronic 
component which can solve the above-described prob- 
lems, and has excellent withstanding voltage properties 
even though it is a large produce, not requiring a compli- 

is cated structure. 

[0023] Further, it is a still further object of the 
present invention to provide a monolithic ceramic 
capacitor as a smoothing capacitor attached between 
an power supply and an inverter of an electric car. 

20 [0024] The present invention is intended for a mon- 
olithic ceramic electronic component which comprises 
an electronic component body having a rectangular 
shape specified by a longitudinal dimension, a width- 
wise dimension, and a thickness-wise dimension, and 

25 first and second external electrodes formed on the 
opposite end-faces in the longitudinal direction of the 
electronic component body, respectively, the electronic 
component body comprising plural dielectric layers lam- 
inated in the state that the layers are extended in paral- 

30 lei to a plane specified by the longitudinal dimension 
and the widthwise dimension of the electronic compo- 
nent body, and plural sets of internal electrodes 
opposed to each other through a specific dielectric 
layer, respectively, the internal electrodes of the plural 

35 sets of internal electrodes electrically connected to the 
first external electrode and the internal electrodes 
thereof electrically connected to the second external 
electrode being alternately disposed. To solve the 
above-described technical problems, characteristically, 

40 both of the longitudinal dimension and the widthwise 
dimension of the electronic component body are at least 
four times the thickness-wise dimension thereof, 
respectively. 

[0025] The present invention has been devised, 
45 paying attention to the relation between the longitudinal , 
widthwise, and thickness-wise dimensions, and BDV of 
an electronic component body. The BDV was evaluated 
by varying the longitudinal, widthwise, and thickness- 
wise dimensions. As a result, as described above, it has 
so been found that the BDV is enhanced by setting both of 
the longitudinal and widthwise dimensions to be at least 
four times the thickness-wise dimension. 
[0026] Further, as a result of the evaluation of the 
BDV by varying the longitudinal, widthwise. and thick- 
55 ness-wise dimensions of such an electronic component 
body as described above, it has been found that the 
BDV is further enhanced by setting the widthwise 
dimension to be greater than the longitudinal dimen- 
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sion. Thus, according to the present invention, prefera- 
bly, the widthwise dimension of the electronic 
component body is set to be greater than the longitudi- 
nal dimension. 

[0027] The present invention is applied especially 
advantageously in the case of such a large monolithic 
ceramic electronic component that both of the longitudi- 
nal and widthwise dimensions of the electronic compo- 
nent body are at least 10 mm, respectively, or the static 
capacitance is at least 1 iiF, the thickness of each die- 
lectric layer between the opposed internal electrodes is 
at least 20 jun, and moreover, the rated voltage is at 
least 250V. 

[0028] Further, the present invention is also applied 
especially advantageously in the case that the internal 
electrodes contain a base metal. 
[0029] To achieve the above-described object the 
inventors examined and investigated the internal struc- 
tures of monolithic ceramic electronic components. The 
following information was obtained. 

(1) In conventional monolithic ceramic electronic 
components such as monolithic ceramic capaci- 
tors, ordinarily, the thicknesses t of the internal 
electrodes 52 (FIG. 10C) are about 1 jim. 

(2) The area (plan effective area (the length 1 x the 
width w ( - the width w of the internal electrodes) of 
the overlapping portions) of the overlapping por- 
tions 62 (FIG. 10A) of the internal electrodes is up 
to 5000 times the cross sectional area ( the thick- 
ness t x the width w of the respective internal elec- 
trodes 52) obtained by cutting the internal 
electrodes 52 (FIG. 1 0C) perpendicular to the lead- 
ing-out direction of the internal electrodes. 

(3) The ratio of the plan effective area of the internal 
electrodes to the cross sectional area thereof 
exerts an influence over the withstanding voltage 
properties. 

[0030] The inventors have carried out further exper- 
iment and investigation based on the above information, 
and have completed the present invention. 
[0031 ] That is, according to a second aspect of the 
present invention, there is provided a monolithic 
ceramic electronic component which has the configura- 
tion that plural internal electrodes are disposed in a 
ceramic element in the form that the plural internal elec- 
trodes are opposed to each other through ceramic lay- 
ers, and the one-ends of the plural internal electrodes 
are led-out alternately to the different side-faces of the 
ceramic element, the area of the overlapping portions of 
the internal electrodes, viewed in the plan thereof, being 
at least 10000 times the cross sectional area per inter- 
nal electrode layer obtained by cutting the internal elec- 
trodes perpendicular to the leading-out direction of the 
internal electrodes. 

[0032] As described above, by setting the area 
(plan effective area) of the overlapping portions of the 



internal electrodes , viewed in the plan thereof, to be at 
least 10000 times the cross sectional area per internal 
electrode layer obtained by cutting the internal elec- 
trodes perpendicular to the leading-out direction of the 
5 internal electrodes, the concentration of electric fields 
onto the edge portions of the internal electrodes can be 
relaxed to improve the withstanding voltage properties. 
[0033] The present invention may be applied to 
monolithic ceramic electronic components of a so- 
re called 6tack type, which are formed by stacking plural 
ceramic elements. 

[0034] Preferably, the monolithic ceramic electronic 
component is operable in a middle and high voltage 
range off a rated voltage of 250V or higher. 

15 [0035] When the present invention is applied to a 
monolithic ceramic electronic component for use in a 
middle and high voltage range of a rated voltage of 
250V or higher where the withstanding voltage proper- 
ties readily cause problems, advantageously, the wrth- 

zo standing voltage properties can be securely enhanced 
to such a degree that they have no problems for practi- 
cal use, without the thickness of the element being 
increased. 

[0036] Also preferably, the ceramic element has a 
25 dimension in parallel to the leading-out direction of the 
internal electrodes of 10 mm or more. 
[0037] As to the monolithic ceramic electronic com- 
ponent in which the ceramic element has a dimension in 
parallel to the leading-out direction of the internal elec- 
so trades of 10 mm or more, especially, the withstanding 
voltage properties tend to cause problems. When the 
present invention is applied to such a large monolithic 
ceramic electronic component advantageously, the 
withstanding voltage properties can be securely 
35 enhanced to such a degree that they have no problems 
for practical use. 

[0038] Further, the monolithic ceramic electronic 
component is preferably a monolithic ceramic capacitor. 
[0039] As to monolithic ceramic capacitors, espe- 
40 cially if they are large products, the withstanding voltage 
properties readily cause problems. However, by apply- 
ing the present invention, a monolithic ceramic capaci- 
tor having excellent withstanding voltage properties can 
be obtained. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

so FIG. 1(1) is a partially exploded plan view thereof, 
and FIG. 1(2) a front view each showing a mono- 
lithic ceramic capacitor according to an embodi- 
ment of the present invention; 
FIG. 2 is a graph showing a tendency of changes in 
55 the BDV value of the monolithic ceramic capacitor 
1 1 as shown in FIG. 1 when the ratio of the longitu- 
cfinal dimension L to the widthwise dimension W Is 
varied; 
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FIG. 3 (1) is a partially exploded plan view thereof, 
and FIQ. 3 (2) a front view each showing a conven- 
tional monolithic ceramic capacitor 1 which is inter- 
esting to the present invention; 
FIQ. 4 is a perspective view of a monolithic ceramic 
electronic component according to an embodiment 
of the present invention; 

FIQ. 5 A is a sectional plan view, FIG. 5B a sec- 
tional front view, and FIQ. 5C a sectional side view, 
each showing a monolithic ceramic electronic com- 
ponent according to an embodiment of the present 
invention; 

FIQ. 6 illustrates a method of measuring the length 
of the overlapping portions of the internal elec- 
trodes of a monolithic ceramic electronic compo- 
nent according to an embodiment of the present 

invention; 

FIQ. 7 illustrates a method of measuring the width 
of the overlapping portions of the internal elec- 
trodes of a monolithic ceramic electronic compo- 
nent according to an embodiment of the present 
invention; 

FIG. 8 illustrates a method of measuring the thick- 
ness of the Internal electrodes of a monolithic 
ceramic electronic component according to an 
embodiment of the present invention; 
FIG. 9 is a perspective view showing a conventional 
monolithic ceramic electronic component; and 
FIG. 10(a) is a sectional plan view. FIG. 10B a sec- 
tional front view, and FIG. 10C a sectional side 
view, each showing a conventional monolithic 
ceramic electronic component. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0041] FIG. 1 (1) is a partially exploded plan view, 
and FIG. 1 (2) is a front view, each showing a monolithic 
ceramic capacitor 11, which is one of monolithic 
ceramic electronic components, according to one 
embodiment of the present invention. 
[0042] As shown in FIQ. 1, the monolithic ceramic 
capacitor 11 comprises a capacitor body 12 having a 
rectangular shape specified by a longitudinal dimension 
L, a widthwise dimension W, and a thickness-wise 
dimension T, and first and second external electrodes 
13 and 14 formed on the opposite end-faces in the lon- 
gitudinal direction of the capacitor body 12, respectively. 
[0043] Further, the capacitor body 12 contains plu- 
ral dielectric layers 15 which are laminated in the state 
that the layers 15 are extended in parallel to a plane 
specified by the longitudinal dimension L and the width- 
wise dimension W of the capacitor body 12, and plural 
sets of internal electrodes 16 which are opposed to 
each other through specific one of the dielectric layers 
15. 

[0044] As to the plural sets of internal electrodes 
16, the internal electrodes electrically connected to the 
first external electrode 13, and the internal electrodes 



thereof electrically connected to the second electrode 
14 are alternately disposed. The internal electrode 16 
shown by exploding a part of the capacitor body 12 in 
FIG. 1(1) is electrically connected to the first external 

5 electrode 1 3, which is seen in the profile depicted by the 
broken line. The internal electrode 16 electrically con- 
nected to the second external electrode 14 is symmetri- 
cal with the internal electrode 16 shown in FIG. 1(1). 
[0045] The description conducted theretofore sub- 

10 stantially fits a conventional monolithic ceramic capaci- 
tor 1 of FIGS. 3(1) and 3(2). 
[0046] As to the characteristic structure of the 
present invention, in this embodiment the longitudinal 
dimension L and the widthwise dimension W of the 

75 capacitor body 1 2 are at least four times the thickness- 
wise dimension T thereof. The effective area of each 
internal electrode 16 can be increased by increasing 
both of the longitudinal dimension L and the widthwise 
dimension W of the capacitor body 12 as described 

20 above. Accordingly, it is not needed to achieve a high 
capacitance only by increasing the lamination number 
of the internal electrodes 16. Thus, the thickness-wise 
dimension T of the capacitor body 1 2 can be inhibited to 
be small. Therefore, the ceramics constituting the die- 

25 lectric layers 15 can be sintered more sufficiently, and 
irregularities in sintering and the formation of pores can 
be inhibited. 

[0047] In particular, it has been confirmed that for 
the monolithic ceramic capacitor 1 1 to be used in a mid- 
30 die and high voltage range of a rated voltage 250V or 
higher, the concentration of electric fields, caused when 
a voltage is applied between the internal electrodes 16 
opposed to each other, is relaxed, since the areas of the 
respective internal electrodes 16 are increased, and the 
35 BDV value is significantly enhanced. Further, reducing 
the lamination number of the internal electrodes 16 is 
effective in inhibiting the generation of cracks caused by 
electrostriction, and moreover, contributes to the 
enhancement of the BDV. 
40 [0048] Therefore, according to the present inven- 
tion, both of the longitudinal dimension L and the width- 
wise dimension W of the capacitor body 1 2 are set to be 
at least four times the thickness-wise dimension T, 
respectively. In order to confirm this, experiment was 
45 carried out by using specific monolithic ceramic capaci- 
tors as samples. The results will be described below. 
[0049] Monolithic ceramic capacitors having the 
same static capacitance and the same rated voltage 
were prepared, in which the ratios of L : W: T were var- 
so ied as shown in the following TABLE 1 . A direct current 
voltage was applied to the monolithic ceramic capaci- 
tors of the respective samples, and the BDV values 
were determined. In TABLE 1 , shown are the BDV rela- 
tive values of the respective samples, based on the BDV 
55 value of 1 .00 of Sample 1 . 
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TABLE 1 



Sample Number 


L : 


W 


: T 


BDV 


1 


2 


1 : 


1 


1.00 


2 


1 


2 : 


1 


0.98 


3 


3 


2 : 


1 


1.00 


4 


2 


.3 : 


1 


1.02 


5 


4 


:3: 


1 


1.03 


6 


3 


:4 : 


1 


1.05 


7 


4 


4 : 


1 


1.12 


Q 
O 


7 




1 
i 




9 


4 


:7: 


1 


1.25 


10 


8 


:6: 


1 


1.50 


11 


6 


:8 


1 


1.55 


12 


12 


:9 


:1 


1.80 


13 


9: 


12 


:1 


1.90 



5 



[0050] In TABLE 1, shown is the general tendency 
that as the ratios of L and/or W to T increase, so BDV is 
more enhanced. Especially, as seen in the comparison 
of Samples 7 with Sample 5 or 6, the BDV value is sur- 
prisingly enhanced when both of L and W are at least 
four times X in contrast to the case where either or both 
of L and W are smaller than four times T. Accordingly, it 
is understood that a high BDV value can be obtained by 
setting both of L and W to be at least four times T as in 
Samples 7 through 13. 

[0051] Effects on the enhancement of BDV, caused 
by the increase of the longitudinal dimension L and the 
widthwise dimension W as described above, are 
remarkably exhibited when the monolithic ceramic 
capacitors are large in size, namely, both of the longitu- 
dinal dimension L and the widthwise dimension W are at 
least 10 mm, respectively. Similarly, such effects appear 
remarkably in the case of a monolithic ceramic capaci- 
tor of which the static capacitance is 1 jiF or higher, the 
thickness of each dielectric layer lying between the 
internal electrodes opposed to each other is 20 ^m or 
more, and the rated voltage is 250V or higher. 
[0052] When the internal electrodes contain a base 
metal such as nickel, copper, or the like, sintering is car- 
ried out in a reducible atmosphere. However, in general, 
it is difficult to sinter the internal electrodes sufficiently in 
such a reducible atmosphere. In relation to this, in this 
embodiment, since the lamination number of the inter- 
nal electrodes 16 can be reduced, and moreover, the 
thickness-wise dimension T of the capacitor body 12 
can be decreased, the internal electrodes can be sin- 
tered easily and sufficiently even by firing in the reduci- 
ble atmosphere. 



[0053] In this embodiment, characteristically, the 
widthwise dimension W of the capacitor body 12 is 
greater than the longitudinal dimension L This dimen- 
sional relation is effective in enhancement of BDV. 
Referring to the above Table 1 , the comparison of Sam- 
ple No. 8 with Sample No. 9, Sample No. 10 with Sam- 
ple No. 11, or Sample No. 12with Sample No. 13shows 
that Sample Nos. 9, 11, and 13 having a relation of L < 
W exhibit a BDV value higher than Sample Nos. 8, 10, 
and 12 having a relation of L > W. This tendency is illus- 
trated in FIG. 2. 

[0054] In FIG. 2, the ratio of L : W is plotted as 
abscissa, and BDV as ordinate. As seen in FIG. 2, by 
setting W to be greater than U BDV can be improved 
more significantly as compared with the case that L is 
greater than or equal to W. 

[0055] As described above, by setting the widthwise 
dimension W to be greater than the longitudinal dimen- 
sion L, the internal electrodes 16 can be sintered more 
satisfactorily, and the adhesion of the internal elec- 
trodes 1 6 to the dielectric layers 1 5 can be improved. As 
a result, advantageously, the generation ratio of cracks, 
caused by delamination and electrostriction, can be sig- 
nificantly reduced, as already confirmed. One of the 
reasons may be as follows. Organic components con- 
tained in a paste for forming the internal electrodes 16 
such as resins, varnishes, or the (ike are moved inside 
of the internal electrodes 16 at firing, and lost into the 
outside through the portions of the internal electrodes 
16 joined to the external electrodes 13 or 14 provided 
on the end-faces of the capacitor body 12. By setting 
the widthwise dimension W to be greater than the longi- 
tudinal dimension L, these organic components can be 
lost more readily. 

[0056] Further, as described above, in the case that 
the internal electrodes 16 contain base metals 6uch as 
nickel, copper, or the like, the firing is carried out in a 
reducible atmosphere. Since the organic components 
can be lost readily as described above even in such a 
reducible atmosphere, the internal electrodes 16 can be 
sintered more simply and sufficiently. 
[0057] FIG. 4 illustrates a monolithic ceramic elec- 
tronic component (in this embodiment, a monolithic 
ceramic capacitor) according to an embodiment of the 
present invention. FIG. 5A is a sectional plan view, FIG. 
5B is a sectional front view, and FIG. 5C is a sectional 
side view of the monolithic ceramic electronic compo- 
nent. 

[0058] The monolithic ceramic electronic compo- 
nent (monolithic ceramic capacitor) of this embodiment 
is formed as follows. As shown in FIGS. 4 and 5, on the 
opposite end-faces of the ceramic element 4, which has 
the structure that plural internal electrodes 2 are dis- 
posed so as to be opposed to each other through 
ceramics (ceramic layer) 1, and the one-ends of the 
internal electrodes 2 are led-out alternately to the differ- 
ent end-faces of the ceramic element 4, a pair of exter- 
nal electrodes 3,3 are disposed so as to be connected 



15 



20 



25 



30 



35 



40 



45 



50 



11 



EP1 022 751 A2 



12 



to the internal electrodes 2. The internal electrodes 2, 2 
are formed by alternately laminating internal electrodes 
having a wide width and internal electrodes having a 
narrow width so that the capacitances may become 
constant, in consideration of probable deviations in lam- 
ination. In this case, the lamination order is arbitrary. 
[0059] The monolithic ceramic electronic compo- 
nent is so structured that the area S1 (plan effective 
area) of the overlapping portions 12 of the internal elec- 
trodes 2, viewed in the plan thereof, is at least 10000 
times the cross sectional area S2 (internal electrode 
cross sectional area) per internal electrode 2 layer 
obtained by cutting the internal electrodes 2 perpendic- 
ular to the leading-out direction of the internal elec- 
trodes 2. The plan effective area S1 is a value 
expressed by the length L x the width W of the overlap- 
ping portions 12 as shown in FIG. 5A. The internal elec- 
trode cross sectional area S2 per layer is a value 
expressed by the thickness t x the width W of the inter- 
nal electrode 2 as shown in FIG. 5C. 
[0060] In this embodiment, the length I, the width w, 
and the thickness t of the above-mentioned overlapping 
portions of the internal electrodes 2 were measured by 
a method as described below. 

(Measurement of Length I of Overlapping Portion of 
Internal Electrode) 

[0061 ] The monolithic ceramic capacitor was cut in 
parallel to the leading-out direction of the internal elec- 
trodes, and moreover, in parallel to the lamination direc- 
tion of the internal electrodes. As shown in FIG. 6, the 
lengths l nl and of the portions of the internal elec- 
trode 2 (2a) lying substantially at the center in the thick- 
ness direction, overlapped with the adjacent upper, 
lower internal electrodes 2 (2b, 2c) through the respec- 
tive ceramic layers 1 were measured with an optical 
microscope. The average value was taken as I. 
[0062] Also, the following method is possible. As to 
each of at least 10 samples (n * 10) random-sampled, 
the lengths l n1 and l n2 of the portions of the internal 
electrode 2 (2a) lying substantially at the center in the 
thickness-wise dimension, overlapped with the adjacent 
upper, lower internal electrodes 2 (2b, 2c) through the 
respective ceramic layers 1 are measured as described 
above, and the average value L, is determined. The 
average values of the respective samples are 
summed up, and divided by the sample number n. The 
obtained value is taken as I. In this case, desirably, the 
influences of dispersions in the respective samples can 
be reduced. 

(Measurement of Width w of Overlapping Portion of 
Internal Electrode) 

[0063] The monolithic ceramic capacitor is cut per- 
pendicular to the leading-out direction of the internal 
electrodes, and moreover, in parallel to the lamination 



direction of the internal electrodes. As shown in FIG. 7, 
the widths w n1# w n2 , and w n3 of a total of three narrow 
internal electrodes 2(2a, 2d, 2e), that is, the internal 
electrode 2 (2a) lying substantially at the center in the 

5 thickness direction, and the internal electrodes 2 (2d, 
2e) positioned next to the upper, lower internal elec- 
trodes 2 (2b, 2c), which are adjacent to the internal elec- 
trode 2(2a) and skipped over, are measured with an 
optical microscope. The average value is taken as w. 

10 [0064] Also, the following method is possible. As to 
each of at least 10 samples (n £ 10) random-sampled, 
the widths w n1 , w n2 , and w n3 of a total of three internal 
electrodes 2 (2a, 2d, 2e) lying substantially in the center 
in the thickness direction every two layers are measured 

15 with an optical microscope, as in the above-described 
case. The average value W a is determined. The aver- 
age values w A of the respective samples are summed 
up, and divided by the sample number n. The obtained 
value is taken as w. In this case, it is desirable that inf lu- 

20 ences of dispersions in the samples can be reduced. 

(Measurement of Thickness t of Internal Electrode) 

[0065] The monolithic ceramic capacitor was cut in 

25 parallel to the lamination direction of the internal elec- 
trodes 2. A vertical line X was drawn substantially from 
the center of the ceramic element 4 as shown in FIG. 8. 
The thicknesses Vn . t^, tn 3 of all the Internal elec- 
trodes 2 exdutf ng the uppermost, lowermost layers on 

so the above vertical line were measured with an optical 
microscope. The average value was taken as a thick- 
ness t of the internal electrodes 2. 
[0066] Further, the following method is possible. As 
to each of at least 10 samples (n £ 10) random-sam- 

35 pled, the thicknesses of all the internal electrodes 2 
excluding the uppermost, lowermost layers are meas- 
ured in the same manner as described above, and the 
average value 1 is determined. The average values t a of 
the respective samples are summed up, and divided by 

40 the sample number n. The obtained value is taken as t 
In this case, it is desirable that influences of dispersions 
in the respective samples can be reduced. 
[0067] The above-described methods of measuring 
the length I and the width w of the overlapping portions 

as of the internal electrodes and the thickness t of the inter- 
nal electrodes are illustrative and not restrictive. 
[0068] For example, in the case of the internal elec- 
trodes not having the above-described structure that the 
wide and narrow internal electrodes are alternately lam- 

50 inated, to measure the width w of the internal elec- 
trodes, the positions of the right and left side ends and 
the distance (width) between the right and left side ends 
of the internal electrodes positioned on the upper and 
lower sides of a specific internal electrode (for example, 

55 the internal electrode disposed substantially at the 
center in the lamination direction) as a standard are 
detected and measured. Moreover, the positions of the 
right and left side ends and the distance (width) 
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between the right and left side ends of the specific inter- 
nal electrode are detected and measured. The width w 
of the practically overlapping portions of the internal 
electrodes can be determined based on the positions 
on the right and left side ends and the distance (width) 
between the right and left side ends of the respective 
internal electrodes. 

[0069] In general, the breakdown voltage of a mon- 
olithic ceramic electronic component is expressed by 
the following formula (1). 

breakdown voltage (BDV) = A x B r (1) 

in which A represents a constant determined by a mate- 
rial constituting a ceramic element and the structure 
thereof, B the thickness of the element, and r a constant 
determined by a contribution ratio of the edge portions 
of an internal electrode to an electric filed intensity. 
[0070] The r value and the breakdown voltage have 
the relation described below. 

(1) in the case of r < 0.5 

The breakdown voltage suffers no changes 
substantially, even though the thickness of the ele- 
ment is changed, due to influences of ceramic 
defects and structural faults in addition to the con- 
centrated electric field intensity in the edge portions 
of the internal electrodes. 

(2) In the case of r = 0.5 

A general monolithic ceramic electronic 
component of which the breakdown voltage is dom- 
inated by the concentrated electric filed intensity in 
the edge portions of the internal electrodes. 

(3) In the case of r > 0.5 

A monolithic ceramic electronic component 
having a high breakdown voltage can be obtained, 
since the concentrated electric filed intensity in the 
edge portions of the internal electrodes is relaxed. 

[0071] In a monolithic ceramic electronic compo- 
nent of which the area S1 (plan effective area) of the 
overlapping portions 12 of the internal electrodes 2 is up 
to 5000 times the cross sectional area S2 (internal elec- 
trode cross sectional area) of the internal electrode 2, 
ordinarily, the r vale is in the range of 0.45 to 0.55, and 
the withstanding voltage properties tend to be insuffi- 
cient, due to variations in the shape and size of the 
internal electrodes and the compositions of the ceram- 
ics. When the plan effective area S1 of the internal elec- 
trodes 2 is at least 10000 times the internal electrode 
cross sectional area S2 per layer, the r value becomes 
large and reaches 0.7 to 0.8 even though the compo- 
nent has the simple structure that the internal elec- 
trodes 2 having the same shape and size and the 
ceramic layers 1 are alternately laminated as 6hown in 
FIG. 2. Accordingly, the withstanding voltage properties 
can be significantly improved. 
[0072] In the above-described embodiment, 



described is the example in which the internal elec- 
trodes 2 have a rectangular pattern in the plan thereof. 
However, the internal electrodes 2 are not limited to the 
rectangular pattern. The internal electrodes 2 may have 

5 other different shapes and sizes. For example, by 
rounding the corners of the respective internal elec- 
trodes, the concentration of the electric fields can be fur- 
ther inhibited, and thereby, the withstanding voltage 
properties can be more improved. 

io [0073] In the above-described embodiment, the 
monolithic ceramic capacitor as an example is 
described. The present invention is not limited to the 
monolithic ceramic capacitor, and may be applied to 
various monolithic ceramic electronic components such 

is as varistors, inductors, and so forth. 

[0074] In addition, the present invention can be 
applied to a monolithic ceramic electronic component of 
the stack type in which plural ceramic elements are 
stacked. In this case, the same advantages as 

20 described in the above embodiment can be obtained. 
[0075] Further, in the other respects, the present 
invention is not limited to the above embodiments. Vari- 
ous applications and deformations with respect to the 
type of ceramics constituting the monolithic ceramic 

2s electronic component, the concrete shape and size of 
the ceramic element, the patterns of the internal elec- 
trodes and the external electrodes, constitutional mate- 
rials, and so forth can be made without departing the 
scope of the claims. 

so [0076] As described above, according to the 
present invention, both of the longitudinal dimension 
and the widthwise dimension of the capacitor body are 
at least four times the thickness-wise dimension thereof. 
Therefore, the effective areas of the internal electrodes 

35 can be increased, so that the concentration of the elec- 
tric fields between the internal electrodes, caused when 
a voltage is applied, can be relaxed. Further, since the 
thickness-wise dimension of the capacitor body can be 
reduced, a sintering body having even properties can 

40 be easily obtained by firing. Accordingly, leakage cur- 
rent can be reduced, and the high temperature reliability 
of the monolithic ceramic capacitor can be enhanced. 
[0077] As seen in the above description, it becomes 
possible to render a high BDV value to the monolithic 

46 ceramic capacitor, and moreover, the thickness-wise 
dimension of the capacitor body can be reduced. Thus, 
the miniaturization especially in volume of the mono- 
lithic ceramic capacitor can be effectively achieved. 
[0078] According to the present invention, prefera- 

so bly, the widthwise dimension of the capacitor body is 
greater than the longitudinal dimension thereof, and 
thereby, the internal electrodes can be sintered with 
high stability. Accordingly, the BDV value is further 
enhanced, and also, dispersions in BDV are reduced. 

55 Further, since the internal electrodes can be sintered 
with high stability, formation of cracks, caused by dela- 
mination or electrostriction, can be effectively inhibited. 
Monolithic ceramic capacitors which are stable in quali- 
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ties can be produced. 

[0079] The above-described advantages of the 
present invention can be presented remarkably in the 
case of such a large monolithic ceramic capacitor com- 
ponent that both of the longitudinal and widthwise 5 
dimensions of the capacitor body are at least 10 mm, 
respectively, or the static capacitance Is at least 1 pF, 
the thickness of each dielectric layer between the 
opposed internal electrodes is at least 20 urn, and the 
rated voltage is 250V or higher. 10 
[0080] Further, in the case that the internal elec- 
trodes contain a base metal according to the present 
invention, the firing is carried out in a reducible atmos- 
phere. Accordingly, the sintering of the internal elec- 
trodes tend to be unstable. However, by decreasing the is 
thickness-wise dimension of the capacitor body, reduc- 
ing the lamination number of the internal electrodes, 
and increasing the widthwise dimension of the internal 
electrodes over which the internal electrodes are 
exposed according to the present invention, the internal 20 
electrodes can be easily sintered with stability. 
[0081] As described above, in the monolithic 
ceramic electronic component of the present invention, 
the area (plan effective area) of the overlapping portions 
of the internal electrodes, viewed in the plan, is at least 2s 
10000 times the internal electrode cross sectional area 
per layer, obtained by cutting the internal electrodes 
perpendicular to the leading-out direction of the internal 
electrodes, whereby the concentration of the electric 
fields onto the edge portions of the internal electrodes is so 
relaxed, which improves the withstanding voltage prop- 
erties. 

[0082] When the present invention is applied to a 
monolithic ceramic electronic component for use in a 
middle and high voltage range of a rated voltage of ss 
250V or higher where the withstanding voltage proper- 
ties of the component readily cause problems, as in the 
case of the monolithic ceramic electronic component 
containing a base metal according to the present inven- 
tion, advantageously, it becomes possible to enhance <o 
the withstanding voltage properties securely so that 
they have no problems for practical use. 
[0083] In large monolithic ceramic electronic com- 
ponents of which the ceramic elements have dimen- 
sions in parallel to the leading-out direction of the 45 
internal electrodes of at least 10 mm, especially, the 
withstanding voltage properties tend to cause problems. 
When the present invention is applied to such large 
monolithic ceramic electronic components as in the 
case of the monolithic ceramic electronic component so 
according to an aspect of the present invention, advan- 
tageously, the withstanding voltage properties can be 
enhanced to cause no problems for practical use. 
[0084] In the case of monolithic ceramic capacitors, 
especially when they are large products, the withstand- ss 
ing voltage properties tend to cause problems. Prefera- 
bly by applying the present invention to a monolithic 
ceramic capacitor, excellent withstanding voltage prop- 



erties can be advantageously rendered to the mono- 
lithic ceramic capacitor. 

Claims 

1. A monolithic ceramic electronic component com- 
prising 

an electronic component body (12) having a 
rectangular shape specified by a longitudinal 
dimension, a widthwise dimension, and a thick- 
ness-wise dimension, and 
first and second external electrodes (13, 14) 
formed on the opposite end-faces in the longi- 
tudinal direction of said electronic component 
body (12), respectively, 

said electronic component body (12) compris- 
ing plural dielectric layers (1) laminated in the 
state that the layers are extended in parallel to 
a plane specified by the longitudinal dimension 
and the widthwise dimension of said electronic 
component body (12), and plural sets of inter- 
nal electrodes (2) opposed to each other 
through specific one of said dielectric layers 
(1), the internal electrodes of said plural sets of 
internal electrodes electrically connected to the 
first external electrode (13), and the internal 
electrodes thereof electrically connected to the 
second external electrode (14) being alter- 
nately disposed, 

both of the longitudinal dimension and the 
widthwise dimension of said electronic compo- 
nent body (12) being at least four times the 
thickness-wise dimension thereof, respectively. 

2. A monolithic ceramic electronic component accord- 
ing to claim 1, wherein the widthwise dimension of 
said electronic component body (1 2) is greater than 
the longitudinal dimension thereof. 

3. A monolithic ceramic electronic component accord- 
ing to either of claims 1 and 2, wherein the longitu- 
dinal dimension and the widthwise dimension of 
said electronic component body (12) are at least 10 
mm, respectively. 

4. A monolithic ceramic electronic component accord- 
ing to any one of claims 1 through 3, wherein the 
static capacitance is at least 1 \if, each dielectric 
layer (1) between said internal electrodes (2) 
opposed to each other has a thickness of 20 jim or 
more, and the rated voltage is at least 250V. 

. 5. A monolithic ceramic electronic component accord- 
ing to any one of claims 1 through 4, wherein said 
internal electrodes (2) contain a base metal. 

6. A monolithic ceramic electronic component having 
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the structure in which plural internal electrodes (2) 
are disposed in a ceramic element so as to be 
opposed to each other through ceramic layers (1), 
respectively, and the one-ends of the plural internal 
electrodes are led-out alternately to the different 5 
end-faces of the ceramic element 

the area of the overlapping portions of the 
internal electrodes, viewed in the plan thereof, 
being at least 10000 timeG the cross sectional 10 
area per internal electrode layer obtained by 
cutting the internal electrodes (2) perpendicu- 
lar to the leading-out direction of the internal 
electrodes (2). 



A monolithic ceramic electronic component accord- 
ing to claim 6, wherein the monolithic ceramic elec- 
tronic component is operable in a middle and high 
voltage range of a rated voltage of 250V or higher. 
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8. A monolithic ceramic electronic component accord- 
ing to either of claims 6 and 7, wherein said ceramic 
element has a dimension in parallel to the leading- 
out direction of the internal electrodes (2) of at least 

10 mm. 25 

9. A monolithic ceramic electronic component accord- 
ing to any one of claims 6 through 8, wherein said 
monolithic ceramic electronic component is a mon- 
olithic ceramic capacitor. 30 
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